The development of high power and reliable lasers producing ultrashort pulses in the 1.5-1.6µm wavelength region is of considerable interest for a wide range of research and industrial applications. Specifically, such lasers can be used as pulse generators for high bit rate next-generation optical networks. Er 3+ laser materials co-doped with Yb 3+ are attractive gain media for tunable 1.5-1.6µm lasers that can be pumped efficiently around 980nm. To date, ultrashort pulse generation has been demonstrated from Er,Yb:glass lasers with average powers of just a few tens of milliwatts [1] . Here we report, for the first time to our knowledge, a passively mode-locked Er 3+ ,Yb 3+ :YAl 3 (BO 3 ) 4 (Er,Yb:YAB) [2] laser that generates 3.8ps-pulses at 1530nm with an average power up to 270mW. We believe that this is the first passively mode-locked Er /Yb co-doped laser based on a crystalline gain medium. The semiconductor saturable absorber mirrors (SESAMs) used for the initiation and stabilisation of passive mode locking incorporated a DBR structure with a high reflectivity at 1480-1650nm and InGaAsN quantum wells as the absorber. By incorporating a SESAM having peak of absorption around 1500nm, stable mode locking was readily achieved around 1531nm where the pulse duration was 3.8ps ( Fig. 1) at an average power of 270mW. The corresponding spectral width of 0.66nm implied a time-bandwidth product of 0.32. (Fig. 1, inset ). The microwave spectrum shows a clean peak at repetition rate of 166.57MHz with no side peaks thus confirming the absence of Qswitching instabilities (Fig. 2) and the wide-span measurements (Fig. 2, inset) indicate a single-pulse operation. Passive mode locking has also been demonstrated around 1555nm with 5.1ps pulses being generated using a SESAM having a peak absorption centred on 1600nm. Moreover, mode locking of this laser has been achieved at 1601nm but in the present experimental configuration there is evidence of some Q-switching instabilities. We believe that optimisation of the saturable absorber and laser-gain parameters such as modulation depth, intracavity fluence and dispersion will lead to efficient sub-picosecond pulse generation in rage of 1.5-1.6µm from this type of diode-pumped Er,Yb:YAB laser.
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For the experimental observations reported here, a cw version of the Er,Yb:YAB laser, pumped by a tapered singlemode 976nm laser diode, was first constructed and evaluated. The plane-plane Er(1 at.%),Yb(11 at.%):YAB crystal was 1.76mm-long and anti-reflection coated for both pump and laser wavelengths. An asymmetric Z-fold cavity was configured to accommodate mode radii inside the crystal and on the saturable absorber of 31µm and 70µm respectively. During this unmode-locked cw operation the laser produced up to 295mW of output power (2W absorbed pump power) at 1531nm and operated with a slope efficiency of 16% when the output coupling was 5%. With an 1% output coupling and an intracavity fused silica prism efficient cw lasing could also be tuned to 1555nm -184mW and 1602nm -208mW (242mW at 1531nm). 
